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Remarks 

Claims , .29 and 34-36 have been canceled without prejudice. Claims 30-33 and 
37-42 are pending. Applicants respectful* acknowledge the allowability of da™ 31-33 and 37 
if written in independent format. Apphcants amend Cairns 30 and 39 a, described ^ ^ 
40-42 canceled herein without prejudice. 

Apphcants wi sh to thank the Examiner for discussing the rejections and applicant's 
evidence in an interview on ^ ? _ m ^ ^ ^ ^ ^ 

Amendment information and amendments referred to in the interview. 
35U.S.C.8 lfw 

Claims 30. 38-42 stand rejected undeletion 103 as allegedly unpatentab.e over 
Chaudhary et al. in view of Nevi.le et al., Hirsch e, a,., and Whitlow et al. ft. Office Action 
concedes that the S cFcUCHT,-DT390 construct comprises unexpected and unpredictab.e 
properties but states that "Inventor Neville makes some attempt in his 1 . 132 declaration [fed 
with the response dated February 1 4, 2003] to *cnbe the unexpected properties of the scFv 
UCHT1-DT390 construct to the UCHT1 portion, however, the Inventor provides no factual . 
demonstration of this assertion." ^ the Examiner seems to surest that aU other construe 
wdh truncated diphtheria toxin moieties are obvious, except for the DT390 construct. 

variety of constructs with various antibody portions and the sFv(UCHT, ) constructs are 

preferred. ^ Declaration n.ed wim the response dated February 14, 2003 also shows data for 
two « diphtheria constructs, DWWWm, (see ^ D ^ ^ ^ 
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D ™-*v(UCHT,^ 

although the DT389 construct ha.as.ightlyjowe, toxicity than me Deconstruct, the 
sFV(UCHT 1) moiety provides the unexpected and unpredictable properties to both DT 
truncation constructs. Furthermore, filed herewith is a second Declaration by Inventor Neville 

which shows a variety of sFvfUCHTl) cornets with truncated diphtheria toxin moieties. ' 

Taken together these data indicate that constructs with toxin truncations, including DT389 

^ D ™ohave Ug hto*i c ^^ 

antibodies will ^duce fte effectiveness of fte ^ & ^ 

specification, page 4S, line 32, through page 49, line 6. The specification also teaches the effect 
ofthe circular antibodies is due to the Cterminal 150 amino acid residue ofthe native toxin 
which is a total of535 residues long. Id. Thus, the optimum truncation will be from about 

the cited references, claim 30 has been amended to specify a truncation we,, within the range for 
whichDr. NeviUehas provided data (i.e., "about ,50-145 carboxy terminal amino acidresidues 
- truncated fiom the native diphtheria toxin moiety). Support can be found at least on page 
49, hues 3-12. Thus no new matter is believed to be added by this amendment. 

The Office Action further states that claims 2,-42 are rejected under section ,03 as being 
unpatentableoverChaudh^^^ 

have been canceled without prejudice and as the Office Action states that Claims 31-33 and 37 
are allowable if amended to independent format. For the reasons stated above, a vanety of 
sFvCUCHTl) constructs with truncated diphtheria toxin moieties provided unexpected results as 
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compared to other immunotoxins with anti-CD3 antibody moi etie, There is nothing in y ou Je to 
teach or suggest the construct of claim 30. 

35u.s.r.^^? fi„t rnrrnrh 

-blc one of Afll in the art to .alee or use the invention. Claims 4CM2 are canceled herein 
without prejudice, and the rejection of those claims is moot 

me Examiner questions the use of immunotoxins in all diseases or conditions in which T 
cells are thought to P ,ay a role , q ^ ons * value ofehminating me T-cel, populations, and 

specification teaches a short course of immu,o«oxm administration. See e.g., Example S. This 
Short course administration result in a transient T-cell deletion. The effect of a transient 
depletion is to reset the T cell population so that the T cells that are made after treatment with 
thein^otoxm.almou^^ 

that the T ceils prior to treatment have experienced Thus, the new T cells after immunotoxin 
therapy are naive. Such a transient T cell depletion is widely useful in conditions in with T cells 
role, because this enables resetting (he T cell population to a pre-insult state. This is true 
whether the insult is an environmental cue that elicits as autoimmune disease, a transplant, or 
other T cell-mediated conditions or diseases. 

Regarding Caim 38 specifically, it shou Id be noted that the specification provides in vivo 
data for inhibiting rejection of transplanted tissue or organs in a subject using the 
—conjugate. (See Example 7). The specification also provides *. v » ro data proving 
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truncated DT moieties. (See Example 9). Such da., should be sufficient to prove that the 
—oxm of claim 30 is useful in inhibiting a rejection response. Applicants thus r^ 
reconsideration of the rejection. 

Regarding Cain, 39 specifically, the inventors have published a manuscript, attached 
herewith as Appendix B.^^ Mtai ^ iBfc ^^ i| ^ oihg 
themiS^irrm.unocon^^^ 

FNl 8is the monkey equivalent ofUCHTl and CI^9 is a full length diphtheria toxin moiety. 
As monkeys a* not immunized to ^^en^f* ^ c ^ m uu*on*s inDTSH- 
430,is„nnirn iz edFu^ e ^ 

^^^t^^m^^r^n^^i^^^ Supportforthis 
-endmentcanbefoundatleastonpagc^imesl^ofmespecific^ 

^-'^toadaress^ 

cell mediated. A^fc^^^..^^^^ 

rejection. 

Pursuant to the above amendments and remarks, reconsideration and aUowance of the 
pending application are believed to be waited. The Examiner „ mvited ^ ^ 

directlycontact the undersigned if such contact may enhance the efficient prosecution of this 

application to issue. 

A Credit Card Payment Form PTO-2038 authorizing payment in the amount of $950 qo 

for a three (3) month extension of time fee and a Request for Extension of Time are enclosed. 

This amount is believed to be correct- however thA<-r ■ • 

irect, nowever, the Commissioner is hereby authorized to charge 

19I300_P.DOC 
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^additional fees which may be require d, or credit any overpay to Deposit Accost No. 
14-0629. 

Respectfully submitted, 
NEEDLE & ROSENBERG, P.C. 



Tina Williams McKeon, J.D., Ph.D. 
Registration No. 43,79 1 



NEEDLE & ROSENBERG, P C 
Suite 1000 
999 Peachtree Street 
Atlanta, Georgia 30309-3915 
678^20-9300 (Tel) 
678-420-9301 (Fax) 



^KTIFICATEOh FACSIMILE TRANSMISSION 



RECEIVED 
CafTRALRVX CENTER 

OCT 2 2 2003 




191300 9. DOC 

8 



Received from <> at 10122/03 4:17:57 PM [Eastern Daylight Time] 



•OCT. 22. 2003 4:19PM NEEDLE & ROSENBERG"' 



NO. 1 327 P. 10. 



APPENDIX A 



Received from <> at 10122/03 4:17:57 PM [Eastern Daylight Time] 



OCT. 22. 2003,, 4:20PM. NEEDLE & ROSENBERG NO. 1327— P. 

j. 301 4004 NIMH DIRP LMB 

@002 



ATTORNEY DOCKET NO. 14028.0290 
SERIAL NO. 09/389,565 



APPENDIX A 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of Neville et al 

Serial No. 09/389,565 

Filed: September 3, 1999 

For: "AN IMMUNOTOXIN WITH IN 
VIVO T CELL SUPPRESSANT 
ACTIVITY AND METHODS OF 
USE" 



Examiner: G. R. Ewoldt, Ph.D. 
Art Unit 1644 

RECEIVED 

CENTRAL FAX CENTER 

OCT 2 2 2003 



DECLARATION OF DAVID M, NEVILLE, JR. UNDER 37 CF.R. § l.l 3 f 



Commissioner for Patents 
Washington DC 2023 1 



NEEDLE & ROSENBERG, P,C 
The Candler Building 
127 Peachtree Street, NJE. 
Atlanta, Georgia 30303-1811 



Examiner Ewoldt: 

1, David M. Neville, Jr. a citizen of the United States, residing at 9624 Parkwood 
Drive, Bethesda, Maryland 20814, declare that: 

1. An iixununotoxin fusion protein comprising the sFv portion of the 

monoclonal antibody UCHTl and a truncated diphtheria toxin (DT) 
has surprising and unexpected properties; such a S/ a high relative 
potency when compared to other anti~CD3 monoclonal antibodies or 
fragments thereof in the context of the same truncated DT 
immunotoxins (ITs). These surprising and unexpected properties arise 
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3. 



from characteristics of the sFv moiety of UCHT1 that are not present in 
most other sFv constructs of other anti-CD3 antibodies and also arise 
from the unique synergy between the truncated DT and the CD3e 
epitope. 

DT390 is one diphtheria toxin truncation that retains toxic effects but also 
has reduced binding to circulating diphtheria toxin antibodies. DT389 
is another example of such a truncation. Both sFvDT389 and 
sFvDT390 have toxic effects but a reduced binding to circulating 
diphtheria toxin antibodies. 

Potency assays were conducted using single chain immunotoxin fusion 
proteins comprising various truncated toxin moieties and the 
sFv(UCHTl) antibody moiety. The potency assays were protein 
synthesis inhibition assays. The single chain immunotoxin fusion 
proteins were compared to a reference chemical conjugate of intact 
UCHTI-CRM9 (CRM9 being a DT binding site mutant) in CD3+ Jurkat 
cells. The data show that the toxicity effects for truncations between 
DT390 and DT430 are comparable. (See Exhibit L) Certain truncations 
above 430 had deleterious effects. Furthermore, as more amino acid 
moieties are added to carboxy terminus of the DT390, the desired effect 
of reducing binding to circulating diphtheria antibodies would be 
reduced. 

The single chain immunotoxin fusion proteins (including sFvDT39Q, 
tfvDT410, and sFvDT430) used in the experiment shown in Exhibit 1 
were expressed in a reticulocyte lysate system, and folding was 
therefore not optimized. The data in Exhibit 1 indicate that the single 
chain immunotoxin fusion proteins are less toxic than the chemically 
conjugated immunotoxin (labeled IT), but these data reflect the 
improper folding of the expressed fusion protein in the reticulocyte 

. lysate system. The data shown with my previous declaration indicate 
that potentcy for properly folded DT390sFv(UCHTl) constructs are 
comparable to the immunoconjugate. 
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The data shown in my previous declaration indicates that immunotoxin 
fusion proteins with truncated diphtheria moieties that comprise less 
than 390 residues retain the desired toxic effect Specifically DT389, 
has slightly less toxicity but retains the reduced diphtheria toxin 
antibody binding as compared to the native toxin moiety. Thus, 
immunotoxins that include truncated diphtheria moieties comprising 
about 390 residues (or, more specifically, 385-430 residues) would 
demonstrate the desired characteristic - toxicity and reduced antibody 
binding. 

I further declare that all statements made herein of my own knowledge 
are true, and that all statements made on information and belief are 
believed to be true; and further, that these statements were made with " 
the knowledge that willful false statements and the like are punishable 
by fine or imprisonment or bom, under § 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the 
validity of the application or document or any patent issuing 
therefrom. 



6. 



David M. Neville, Jr., M.D. 
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Depletion of T Lymphocytes with Immunotoxin Retards the Progress 
of Experimental Allergic Encephalomyelitis in Rhesus Monkeys 

National InstUuivB ofHealW Bethesda. MaryUvui _ 
R*«ived November 25, 1996; accepted February B, 1997 



PN18-CRM9 is an anti-rhesus anti-CDS immune- 
toxin that can transiently deplete T cells to 1% of 
Initial value* in both the blood and lymph node com- 
payments and can induce long-term tolerance to 
mismatched renal allograft*. We have investigated 
the ability of this Immunotoxin to interdict the 
course of an experimental rhesus T cell- driven auto- 
Wane disease, experimental allergic encephalo- 
myelitis (EAE) induced by myelin basic protein Mon- 
w^^r^^ * leo <*t»^ "*re then treated 
w!th PN18-CRM9 alone or in combination with era- 
mal irradiation (325 or 650 cGy). EAE in nontreated 

curred 4-6 days after CSF pleocytosis. Paralysis was 
ejthw delayed or never occurred in treated mon. 
keys, and histopathology revealed few inflammatory 
plaques that were notable for their low or absent T 
cell content. While T cell* repopulate in the periph- 
ery posttreatmeot, they do not return to the CNS in 
. J 1 "? 1 ?™' ™&**tin S that the newly repopu- 
lated T cells have lost their previously acquired CNS 
homing capability. Anti-CD3 immunotoxin may be 
useful in treating clinical T-cell-drivcn autoiinmune 
diseases such a« rheumatoid arthritis and multiple 



INTRODUCTION 

Experimental allergic encephalomyelitis (EAE) is an 
inflammatory T-eell-medjated autoimmune disease of 
the central nervous system that can be induced in a 
number of aperies by immunization with CNS compo- 
nents such as myelin basic protein CMBP) and adjuvant 
1-6) In humans, MBP-reaetjve T cells are thought 
to initiate acute disseminated encephalomyelitis Sat 



] To wham corre«poDd«nce should t* addressed. 



26 



foDows infection or vaccination (4). EAE has also served 

iL^l^t° f ^f^ f0r Xerosis with 

variable predictive results (7;. EAE is a far from perfect 
model for multiple sclerous. In pan this is due to the 

^ lU V f * ^back- 

grounds, observed in both inbred rodents and outbred 
nonhuman primates. In the latter case the disease 
ranges between monpphasic and self-limiting, relape- 
ing-remitting and monophaaic hyperacute. However, 
more than any other disease model, EAE has contrib- 
uted to current concepts of T-cell-mediated organ-spe- 
cific immunity and has permitted a dissection of £ 
mune effector and suppressor mechanisms (7) 

J Play a centraI the induction 

phase of EAE, This has been demonstrated VSSSvS 
transferring of MBP-reactive T cells to induce EA£ in 
naive syngeneic rodents and in unimmunized CaUiihiix 

recentiy that T cell receptor transgenic mice specific for 
MBP develop auontwaou, EAE at a very high mddence 
C8>- However it u leas clear what part T cells play in 
the c^gomg disease, and what part is played by other 
aebvated cells that have the capacity to secrete chmi 
STifSS 2? m0n ^ macrophages, and astrocytes 
[y-li; and the capacity to present CNS antigens. 

We have recently constructed an hnmnnotoxin (IT) 
composed of an anti-rhesus monkey CD3 monoclonal 
tot&ody CmAb), FNlft and a binding site mutant of 

FmtV™?* (DT) ' C ? M9 ™* immunotoxin, 
*N1B^CRM9, is an analogue of UCHT1-CRM9 an 
anti-human CD3 Immunotoxin which is capable of re^ 
gressmg established xenografted human T cell (Jurkat) 
tumors ui nude mice via protein synthesis inhibition 

• ^JEKSSf* 1 to5Cin en « inee,red <usi«m protein ver- 
sion of UCHTJ -CRM9 has also been constructed that 
fluplays resistance to blockade by human anti-DT anti- 
todies arising from immunizations with DT toxoid (14) 
When FN1S-CRM9 was given iv to a group of rhesus 
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w»M?« ^ 8 5 d ^ node T we ™ dieted 
within 48 h in a dWdependent maimer to levels as 

! S it?f ™ ti!d V8lu «- 0*^r blood CeDs TOre not 

son of T and B cells In the blood and l^ph"^^; 
Parents. T „ ^ ^ 

rapid m juvenile animals (2-4 weeks) arid i h 
older animals (12). Monkeys treated n^s man^i£ 

This novel imiuunotoxin enabled us to investigate FAw 

lation that experienced immunisation with ftTmES*" 

bined IT with cranial irradiation forlhTSZ^f^ 
inducing CNS T cell ^reduction. ^ilwaXTbf 
cause of concern that T cells within the CNS blood- 
bam ^J ai "*ifry might not be acee-Stato 
Wood compartment IT and might not be denleted u£ 
report in this communication that IT-WhSES^ 

ptvai^a^™?^^ 
perivascular infiltrates in some monkeys. 



t cell depletion in rhesus eae 



MATERIALS AND METHODS 

iJ^Tt' Tbi ^ Ben monkeys (Macca mul- 

hta) 4-6 years of ago obtained from the Taws Iwte 
Center (Alice., Texas) comprised this stuoV AU were 
negate for antibodies directed at diphthSalolrin 
Jmmunetoxin construction. FN18 is a murine leOl 

Sffl Matt u ft pr ? sen <*. of «^ed mononuclear cells 

onlv S 'ii B *?" l ,l *» mutant rf and has 
only 1/300 the systemic toxicity of wild-tyne DT arf 
The imrnnnotoxta, FN18-CHM9, waT svnth^ti, Ji P„' 
previously described by O^^XiS^ 
CRM9 mo.eties and then crosslinS^ witt bimaleimT 

JhlL. V 5°? A6lcan ereen monkeys) purified bv 
the batch ".eUiod was kindly provided by oTffl 
(18). We : modified a protocol kindry supplied by L M 

m&TtoA^f "^'bacteria is set at 2.1. Aqueous 
MBP at 20 rr^ml was emulsified with an equaUoW 

f^^rium tuberculosa 
KA. DIFCO Laboratories, Detroit, MI). Each rhesus 
monkey was immunized with intradermal IqSeSEtf 
02 ml emulsion distributed between two sftesabove 

nal fluid (CSF), 1.5-ml samples, was cojlscted by punc- 



Pour monkeys were used as nontreated j 
were treated with FNI8-CEM9 alo^l,T^ * 4 

Ration. The first 8 monkey, were immun^ 

CRM? . . & f nontreatment group or the POT8- 
tere^to ™ n r nt - gr a ° UP i ™18-<*M9 was adnUnt 
tered to monkeys in 2 split doses by mtravenoWboC 
infusion at a total amount of 0.2 mg/kg- Th?W d,^f 

mals on Day I following CSF pleccytosfe mfflim 

least twice each day. The disease activit^wTsTred 
£££ ^ 811 EAE scoring system 
SrtS y ^! 8B 2f eS1 and workers (3) and detailed - 
unaer the following conditions: I, obvious neurologic 
0{s f iee ^- 2, one or more limbs ZaW 

w^t^ ^ . reafiants ^ ^ been demon: 

ythrm ffE^gated mAbs reactive with the 
fB^pT^f^ 003 ^ 18 ~FITC. thiskbXCDM 
O^'r? 1 ^ C0I S" ^"^ (OKT4-fTTC 
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12 0 4 q 12 

Pays after WOC Increase In CBP 

Sirs "£^^z^™^^t? ■ — ■ * » «. 



Immunokiatochemistry. Immnnohistochemica] stain- 
in* was carried out on frozen brain sections usin* a 
previously described protocol (20) employing a sec- 
ondary anti-mouse horseradish peroxidase antibody 
and ! diaminobenzidine (Sigma) chromagen. Primary 
mAns used were all of mouse origin: anti-human vi- 
T nt w^5?«, d , i,ution ' DAK0 >- anti-human MHC 
^1 S^ rita ^pematant, anti-human 

SSn ai /ilntion, DAKO), anti-rhesus CD3 
0^18 3 mg^J 1:100 dilution) (16), anti-human Thy 
1 U:50 dduhon, Chemicon) ( anti-human CD4 (1*25 
nnJ. / 0 ^?^ 0 Difi S nM tic Systems Inc.), anti-human 
CDS (1:50 dilution, DAKO). Both primary andtZ 
ondary anybodies were applied in rhesus sera di- 
luted 1:5 m bovine ser&m albumin. 

RESULTS 

j5Jf««frf WBC in CSF predict the clinical onset of 
u A ? 1 mo ^ ys (with ^ e ^ception of 964) were 
monitored by CSF examination via the dsterna magna 
for 5 days starting n days postimmuniaation. Thispro- 
°? ^ Wa£ 7 el1 tolerated and * itaelf did not induce 
pleocytosis (>S0 cells/*!). Four of these monkeys were 
used aa nontreatment controls, and the rest were 
^SSll 3t A the Ume Qfthe det ectable WBC increase 
in UM-Aaiong the 4 control monkeys clinical EAE 
occurred 2-6 days after the observed WBC increase in 
CSF approxunately 15-20 days after the immuniza- 
*H 1A >-^ early symptoms of EAE included 
apathy, loss of appetite, and weak hind limbs, with 
rapid deterioration to paralysis. 

The first CSF samples displaying increased WBC in 
ail 12 monkeys contained 31-700 cells/ul (normal 
range 0-7 cdWjd). including monocytes, eosinophils, 
lymphocytes, and neutrophils. In half of fie samples 
eosinophils occupied a high percentage, 22 -78% In 



tl^' ^ ^Percentage of eosinophils never oc- 
curred in the blood . (<&%). In samples without such a 
high percentage of eosinophils, monocytes predomi- 
nated proportionally, ranging from 42 to 81%. Lympho- 

l^nT^T' l i~ 25% ' *** nsna^be- 
Z^^'nP 1 ?, l y m ^ h0Qyte Popttlation was mainly com- 
posed of T ceto (60-90%) in the PACS ^alys^A ^all 

mS^?^?^ (<B%) ^ ^ oServed. Both 
CD4 and CD8* cells were preset, with the former 
having a slightly higher percentage. CD3*CD25r cells 
£ fr £ 5 ta to these CSF samples, which was 
(da^n^&f ™ C0U * te ^ - *° ^od 

pJif^fi^ 071 4 *» wl process. 
FN1^CEM9 transiently depletes T cells ii rhesus 
Cl2 >- ™. also occurs in MBP immunJed 
monkeys as shown in Figs. 2 and S by FACS analysis 
onWood ^d^acerated lymph node taken before a*d 
after tT treatment. CDS* cells in the blood decreased 




0 10 20 90 40 

Days after FN18-CRM9 Treatment 
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T CELL DEPLETION IN RHESUS EAE 
to very low levels compared with that before IT treat- 

for about 10-14 day^ Note also the marked inversion 

of the lymph node T/B cell ratio. 
Previous studies showed that EAE in rhesus mon- 
*2s S:-* 11 ^ Ut t onfiet and death within days 

a 6 * IS? « ?*finned by our data. As shown in Fig. 

4 l S? r ? tad 001111:01 m ^y® reached 

grade 3 disease wr&jn 3 days after the onset and re- 

quired euthanasia. Of the S experimental nnakm 4 

were treated with intravenous infusion of FN18- 

CRM9 and the remaining 4 had cranial irradiation 

in add-on to FN1S-CRM9. Survival status of these 

monkey* is depicted in Ffr. IB. The 4 monkeys treated 

with FN18-CRM9 survived from U to 45^3b£ 

euthanasia, significantly longer than th# control mon- 
keys <P< 0.01). One of them, 1225, ■ur^fd& 
wa ^ eUthaniz f d sub J ect *> 2 months time 
Mil r^ C , Pr0tOC01 : 1 1 nthe4 ^^ treated with 
FN18^CRM9 plus cranial irradiation, one died several 
hours after the irradiation, possibly one to irradiation- 
induced acute CNS syndrome. Therefore, this monkey 
is not included m the analysis. The other 3 monkey! 
experienced vomiting, dyspnea, and tremors within 30 
miii postirradiation. Two of them also developed a fa- 
cia! cellulitis that lasted for 7-20 days. However, these 
3 monkeys survived the early side effects of cranial 
uradiahon and the cellulitis, and lived on for 10 to 44 
days before euthanasia. Among over 50 rhesus mon~ 

fS2 ^ ated to ^ whole bod y with a total dose of 
1300 cGy m two daily fractions for bone marrow trans^ 
plantation studies at this center, there have been no 
acute deaths, no evidence of seizure activity, no pa-, 
rotodis, or evidence of fecial cellulitis. 
EAE progress to stage 2 or S disease in the treated 
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io'io'io* 10 s to 4 .„ ,„ 1W 

CD3 FITC 



t*1?t£t' T, d T Started 10 ^P^te (Pigs. 2 and 
3 lcm ^ term survivors (Pig. LB) only one 
£225) repopulated blood T cells tea Uveldoseto that 
before treatment, and the other 2 failed to achieve a 
complete ^population CD4 + and CD8 + T cells repopu- 
lated simultaneously in most of the monkeys (date not 
shown). Comparing the T cell data in the blood between 
£f ?Z *??*** Ud w*&™M-CBM9 only and those 
treated wrih plus cranial irraflationTno 

obvious^ difference was observed <Fi£. 2). T cell repopu- 
lataon m the blood was consistently initiated by 



monkeys wis either ^ (^^7^ cSPmJZlv ^ initiated by 

HOW, or halted to a a^mS^^.S^ 

symptoms such as loss of appetite, deaJLKcS^ «* * 



symptoms such as loss of appetite, decreased activity, 
and weight loss (1144 and 1181) or no symptoms (1225). 

T cell ^population. Blood and lymph node T cells 
remained at a very low levels for about 7 days after 



6.7 

M 


A 






10*10' 10* 10 a 1Q 4 




I 1 "i^iiiu.,,^ 

io'io'io 1 icr io' 
C03 FiTC 

fAiw?" L>^P]i node lymphocyte population phenotjpe* before 
FACS ! In a srn^c EAE monkey (9€4J. Tha immunotwcin indii 



. ,^-4). 

CSF T cell numbers also dropped quickly after IT 
treatment as did granulocytes. In 4 monkeys where 
data are available CSP T cells decreased to 1-395 of 
initial values after immunotascm treatment Most of 
this change ocaxred in the first 48 hr. Unlike T cells 
in the blood, CSF T cells remained at bw. levels m 
the follow-up period (Fig. 5E). In contrast, T cells in 
nontreated monkeys increased severalfold within days 
trig. 5Aj. 

The inflammatory response at the immunization 
„ *? ate<i monke F s fluctuated in accordance 
with the Wood T cell status. The injection sites becam^ 
red and swollen 1 day after the immunization, and the 
involved area was about 0.8 X 0.8 cm. This remained 
until Day 9 when the inflammatory area enlarged to 
approoamatebr 2.0 x j.5 cm, and became ulcerated in 
the mjddle, This severe local reaction started to resolve 
1 day after the first dose of tfN18^CRM9 and ulcers 
sealed within 3 days. However, the inflammation re- 
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%™lt at th i Same T a> Md "lotion ^occurred in 
monkeys wth repopulated T cells (1225, 1144, 1181) 

F/j^TtJ S '^ hCnliStry - ^ ^ in Table 1 and m 
■ n ? Dt ^ taent ^ «*»rt had numer? 
tih? Pen Z aSCU ^ a f miW,at «7 plaquas throushout 

Mottm atoned with specific markets or with hemato^ 
hn sJwe. These plaques were remarkable for markedw- 

l^T^rT?^ P«*«*ym» adjoiruX 
plaques, tormstentwitb acutely reactive ^ricyt^Th' 
parenchyma was also notable for up-regulatioo of both 
MHC class I and n (MHC class I >hScSS» IDA1 
though double staining was not done, the MHC class I 
aspressira isprobably on microglial cells and astrocytes 
pven the diffuse nature of the staining. The MHC class 
11 expression is more restricted and probably represents 
«*~ by mic^gual cells. The US2£££ 
2? r^" et !2? for J marke<i ■MoophagB infihrSon a, 
seen by the extraordinary CD68 (Pig. 6A) and CDllb 
^Pressi™. CD4+ and CDS* cells aJ s f c^^Usfe 



raficant ■ popdabon of oeUs in the infiltrates, further con- 
firmed by the for CD3 ^ m fa ^ 
and dasa n expression in these inflammatory pWs 

I expression being greater than class n eiqmE 
to contrast to the untreated EAE cohort the cohort 

abon had no Identifiable inflammatory plaques toe 
hemispheres fa 4/5 treated monkeys sub£*ed to£s£? 
chenusfay (Pigs. 6P-6J and 6K-60). Howler? 
^f^*" enhanced CD68 stain- 

rag (Fig. 610. and occasional plaques were seen in the 
b ~ £1*. 6P and 6Q). Hare to no x£\ 

(Fig- 6Q), The plaques in the fifth monkey consisted 

^iwf^^^^^^^^-^ted an- 
imals euthanized before 15 days of active disease dem- 
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MHCII 



VIMENTIN 




^^^^ 

genial area of the section. A-E fihowsTS^n^ZTJT ^ «t™**re, rtberwise U» fidd i^m A« %C 

coDtamlng ma^ph^ (P ao d R) w Hre Urjrely d^oid of ! CD?V3^ ^ ^ B-S). However. thC^u^h£ 

m^caUo, is 100*. a» i^ult, for d*utfX£l^ 3 T ^ ^ S> ™ to untreated EAE m^M P^ 



grated little gliosis as seen by vimentin staining 
1*1*. 6J m contrast to animals surviving 35-45 davs 
where gliosis was marked (RgfeO). 

DISCUSSION 

Nonhuman primate models of EAE have the advan- 
tap of sharing considerable similarity with the human 
immune system. W e chose to evalua* anti-CD3 ESSE 
notoxm as a treatment for a T-cell-driven autoimmune 
f T* S * r ^« w m0Dk ^ because of the availability 
of the anti-rhesus **ti-CDS antibody JPW18, We in- 
duced a highly consistent monophase form of the dis- 

T^tr^ a ™?™ ^* d(W between immunization 
and disease onset by using a 2:1 ratio of monkey MBP 



to Wkilled mycobacteria. This relatively small win- 
dow allowed us to predict EAE onset bv ne ZZ 

signs in 10 of 11 monkeys, and allowed us to initiate 
early treatment. This method of early prediction ofsX 
sequent EAE is much simpler than MRI. fttbasedon 
the observation that in rodent EAE the meninges and 
B«W3mo.d apace are infiltrated with 
ceUa before bmn and spinal tissue ( 2 i) and in aZe 
models before the onset of neurological sip* (10) Wa 
reaped that if this were the case £ rhesusEAEYcSF 
pleocytoas should Kkely precede clinical EAE. The con- 

wt^l ^™ >del „ permits *«PW«d evaluations 
with a relatively small group of monkeys and is in our 
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opinion preferable to EAE treatment evaluation 
waere treatment is initiated prior to any signs of dis- 
ease onset (9, 11). 6 

Treatment with iinmunotoxm lowered CSF pieo- 
cytosis to near normal levels within 3 days. Treatment 
also dramatically prolonged the survival time of EAE 
monkeys in nontreated monkeys EAE progressed rap- 
idly, and these monkeys required euthanasia within 3 
days after EAE onset having reached a disease score 
of 3 or greater. Thus there was a striking negative 
correlation between the average CSF T cell count and 
the survival tune ft = 0.93) in nontreated monkeys 
but not m treated monkeys (ft = 0.24), indicating that 
treatment attenuated a major correlate of the disease 
process. Histopathology on these nontreated monkeys 
showed numerous brain perivascular plaques con- 

Z^ZS!*^* *! ***** ™* 



HO EI AK 



sions. The striking feature was that these lesions when 
present were largely devoid of T cells. 

In 4 monkeys where data are available CSF T cells 
t^*i t i}- 3% ">f initial values after nmnunotozin 
Sf 8 ™*^*- J? 08 * rf this change occurred in the first 48 

mto the CSF through partial disruption of the blood- 
bran barrier, but this is unlikely since we could not 

tabtojSwSf ^ " " *e CSF as we ron ld 
m Wood by ELISA (data not shown). More likely these 
T cells have a short CMS half-life either due to Si 

th. ^^ 1 ^ 3 " 011 to ™"« astern along with 
the bulk CSF. Their decline indicates that thlyare 
not behvg replaced. The reduction of brain T celf and 
macrophage aSfe*,. fieea » trwtad animals «n> 
S^fl^ T^" 6 ? 8180 Probably occurs 

d^tes^fc 1 ^^^?- 



i> t, . ^ T "'«tiumi<»gB8. in me treated mon- through lact *r — • — ~ K «>««wur vtcun 

keys £AE manifested either as a delayed acute process He Ft^T" 1 * SIDC8 ta "WJtai&W ro 

(surv.val time was prolonged to 2 weeks), br ^VmUd t£ ^ "S"^ within 10 days (25). 

form, reflected by loss of appetite. ^ 3 *'™auai macrophage Infiltrate that are seen in 

^eight lou (sumval time was 35 days or the |St day XUefaSSSJE^'l "Ti Kmtinned ■■"»■ 

of the protocol. Days 44-45). ffistopatholcgy was per- ora^rZ^i^ ^"J* vascular damage 

formed on tun. m„„v„™ «.«..^-_.S j. . " per or a verysmal] Inumber ofresidualT cells. These could 



_ - ' — ^ ~ " .uaLU|ia<4iuLD&y was per- 
formed on two monkeys euthanized during a delayed 
acute process The hemispheres of these brains w£e 
nearly -normal. However, the brain stem of the animal 
treated with lmmunotoxm plus radiation displayed a 
single plaque devoid of identifiable T cells and ! mild 
gliosis- The occasional brain stem plaque could have 

fv?!V? SpQ ? SlbU f0r , the cUnical Perforation seen in 
the delayed acute-phase animals. However, the ob- 
served plaque was not centered on an intact vessel and 
may represent an old, rather than a new lesion. Two 
of the three ^ammals euthanized between Days 35 and 
45 during the nuld form of the disease and subjected 
to histopathology failed to show p]aques. However, all 
T* 5 marked gliosis. The third 

treated monkey exhibiting a clinical mild form of the 
d sease showed about the same number of perivascular 
plaques seen in nontreated animal* but T cells were 
T^* was present. It is not 
dear whether this gliosis represents a late response to 
the early acute disease or whether it represents an 
ongoing chrome process. No differences were apparent 
between the radiation and nonradiation treatment 



i ~ ' -*T HUUlwcr ™ resiauai i cells. These could 
have survived lmmunotoxin therapy due to the sanctu- 
^provided by the blood, brain burner. TMs Se 
reason foi ■ providing an IT plus cranial irradiation 
£Oup in tins fitu^y. Since activated T ells are rad£ 
toon sensitive .with a D Q estimated to be 52 cGy (13), 
325 cQy could achieve a 1.8 log reduction of this eel 

?!wr V S thiS liMftited * tud * we *>uld not detect 
a agnrfert difference between IT alone and IT plus 

A ^ dtawatd longer survival in the grou^ 
bk t£?~ *****™y or may not boreal. It«^ 
rZ » - 5^ ^^° n may ^activate CNS T cells 
more quickly than IT which probably works, by pre! 
venting ^ding Earfy radiation^duced wfv a . 
bon of CNS T cells might limit CNS damage mtbis 
acute disease process. 
Animals in this study were hypersensitive to acute 
f nria l u ? d P^fnomenon Whole brain radiation 
at the doses dehvered is associated with only rare nau* 
sea or transient asymptomatic parotid swelling in hu- 

*' W , ? 8 ^ ration to other rhesus 
t ™^ e £ »} ^ laboratory, using a dose two to four 
toes the dose used in this study has resulted in no 
acute Hp a f Vic ^ r, "* '™ U1 «« « ™ 



. Therap.es previously shown to prolong survival time a^te tZfoTJZ * m *" has » no 

in nonhum** primate EAE include treatoent wfth wr! SSliS* Ma ? WB8 ' ".^diB. The frequency of 

ticosteroids or antibiotics plus high dose MBP (22) ZlT^'i 611 " 6 331,1 CNS syn- 

monoclonal anti-CD4 (5, 23), and a mo^clZd ^ nZmotSS ^J 0 "^/^ ^gfWts that EAE (or 
body erosB-reaetive with EhLA II (6) aSouX U^re ^^P"^ irradiated cells in the brain 

w M eome reduction noted in the U^SSStaJl? Sito^* 0 ^ eland *° de P° lari2e <™. 

AesetreatedaniE^s.majorchangesCparedto^ ZXtl^L fact * r8 {29) *« 

treatment groups were not notedfB 6 21 sal I ^ edema and/or necrosis, 

ticular perivascular cellular infiltrates, thfhaWk ^^/^'"^^"'''^^vineatlS-Sldays 

of new lesions, contained T cells after bStaSnth t ™ ^^™^ at « *eir Wood T cells by tins time 
oonb^t, immunotown treatment y^ScS. S*Sta 25 °;??° ? eU * / " 1 - By 8 wwks * e infla »- 

» the number and size of new perivasctdi brmn £ retre^J^^f ^^J^^^^on sites which had 

c «««ar orain le- regressed 48 hr after IT treatment showed a recrudes- 
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cence of inflammation and began to ulcerate acain 
One monkey, 1225, was tested for PPD wmS^Stt 

7?Z i Ki? Wafl atr T s]y positive - findings Indi- 
cate that the repopulated T cells could exhibit delayed- 
type hypersensitivity reactions. Mycobacterial anti 
gens were continually pre^nt since the d^^.' 
TOunization sites continued to shed heat-killed add fast 
baetona from the adjuvant However, T cells did not 
apparent^ repenetrate the blood^brain barrier £ 
large numbers as evidenced by repeated CSP KACS 
fl ^T d ^P^ology * the time of euthanasia! 
The different m behavior of repopulated T cells to- 
^rl staining mycobacterial aut&eiu 

V€TSU5 ?NS MBP may reflect the very low level ST 
sen* of peripheral MBP at the tune of T celKu£ 
tion. In rat EAE bromodeo*yuridine labeling has 
shown that most of the MBP- Spe cific Tcell p^&to 
occurs in the periphery aa opposed to the CNS (30) 

M fl^^/^V^ 1 ****** * very sen 8 tive 
to the MBP dose 5) Una suggests that inTctive S 
the number of peripheral MBP-reactive T cells is a 
i!n V f^ at determinM magnitude of the CNS 
fact demonstrated in passive EAE (31). It seemTrea- 
sonable to speculate that the postimmunoto^n-repopu- 

ber of MBP-reactave effector cells compared to the pop- 
uUturn at the time of treatment. We think that this is 

kkely mechanism t0 **Plain the beneficial 
effect of unmunotDxm at late times follow T cell 
regulation. This could [reflect a decrease in Se num- 
ber of T cells carrying TCR specific for MBP, However 
there are other possible mechanisms that might be ob^ 
erative during the T cell depletion and sabJ^Z rt 
population phases^ of the effect could be due to 
alterations m the functions of the repopulated T celte 

ZIL J: ^5RA 35 very underrepresented in the 
^ ^° P ? lafa ° n P 6 " 04 ' AttwnaiMy, repopulation 
daring the dxaeaae process might induce a switch (im- 
mune deviation) in phenotype from T„l to T«2 that 

Anb-CD3 immunotoxin has been shown to induce toler- 
ance to rhesus renal allocs mismatched at both 
MHC class I and class Zl loci. Tolerance was shown by 

to develop indicating an active immune process (15) 
However, the mechanism of this process b£rty* 
been delmeated. One possible mechanism is that dlt 

antigen-panting ceUs (B cells) greatly St 
number of Tcells. It has been suggested that this popu! 
lffaon inversion which is akin to the neonatal state 
favors tolerance over immunization (33). Whether a 
siimlar tolenzing processes to autoimmune-inducini 
antigens could be operative in the immunotoxin toxX 
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^atment of autoirnmune diseases remains to be eluci- 
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